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Marine environment with vast diversity is a great natural source of many important bioactive compounds of medicinal value. 
In the present study, five marine sponges i.e. Hyrtios erectus, Pseudoceratina purpurea, Carteriospongia foliascens, Stylissa 
carteri and Axinella acanthelloides were collected from eastern coast of Andaman sea around South Andaman group of 
islands and their zoo-chemical profiles were analyzed. The in-vitro cytotoxic potential of the five sponge species against 
breast carcinoma cell line was evaluated. Alkaloid was the major zoo-chemical constituent of the sponges. Among the five 
sponge species studied, Hyrtios showed most promising cytotoxic effect against breast carcinoma cell line. Hexane extract 
of sponge inhibited the proliferation of the MCF-7 cell line. IC50 value was 25 µg per ml. The IC50 values of all the solvent 
extracts of all the four sponges were higher than 100 µg per ml. In conclusion, the sponge Hyrtios has huge pharmaceutical 
potential in the treatment of breast cancer. 
[Keywords: Cytotoxicity, Marine sponges, South Andaman group of islands, Zoo-chemicals] 
Introduction 
A major share of the therapeutic drugs available in 
the market is from natural sources1. The chemical 
structures of nature derived compounds show immense 
diversity2. The natural drugs were found effective to 
treat several disorders like Alzheimer’s disease, 
inflammation, infectious diseases, osteoporosis, 
Parkinson’s disease and cancer3-6. In addition, they 
played vital roles in understanding the pathogenesis 
and underlying gene regulation pathways of novel 
diseases7. Natural products are basically obtained from 
two types of sources: firstly, the terrestrial sources like 
plants, animals and microorganisms and secondly, the 
marine source, which comprises of invertebrates and 
marine microorganisms. This is further to mention that, 
diversity of marine animals is more compared to 
terrestrial organisms and rich source of natural 
products7. 
Marine ecosystem is a very rich source of many 
valuable chemical compounds with potential 
therapeutic bioactivities. Interestingly, drugs isolated 
from marine organisms are proved to be more potent 
than plant derived compounds8. Marine sponges and 
other marine organisms conjointly are very rich 
sources of bioactive secondary metabolites with 
potential therapeutic values9. A major chunk of 
marine natural products is from sponges indicating 
their potential in novel drug development against 
many major worldwide occurring diseases including 
cancer10,11. Ara-C, the first marine derived drug used 
in leukemia treatment is isolated from marine 
sponge12-14. Over the past decade, the research on 
marine sponges has been intensified and several 
compounds effective in treatment against different 
diseases including cancer have been reported15. 
Although research on marine sponges and sponge 
derived bioactive compounds is a very expanding 
field, the reports on zoo-chemicals from sponges 
from sea around Andaman group of islands are 
scarce. In the present study, we collected five marine 
sponges i.e. Hyrtios erectus, Pseudoceratina purpurea, 
Carteriospongia foliascens, Stylissa carteri and 
Axinella acanthelloides from eastern coast of 
Andaman sea around South Andaman group of 
islands and analyzed their zoo-chemical profiles 
(Fig. 1). The in vitro cytotoxic potential of the five 
sponges were evaluated against a primary breast 
carcinoma cell line (MCF-7).  
Materials and Methods 
Chemicals 
Chemicals the experiments were purchased from 
Sigma-Aldrich (Bangalore, India) and Merck 
(Mumbai, India) unless stated otherwise. 




Collection of marine sponges 
In the present study, five marine sponges of Phylum 
Porifera and Class Demospongiae i.e. Hyrtios erectus 
(Order Dictyoceratida, Family Thorectidae), 
Pseudoceratina purpurea (Order Verongida, Family 
Pseudoceratinidae), Carteriospongia foliascens (Order 
Dictyoceratida, Family Thorectidae), Stylissa carteri 
(Order Halichondrida, Family Dictyonellidae) and 
Axinella acanthelloides (Order Halichondrida, Family 
Axinellidae) were collected during the months of 
September to November, 2014 by diving at 10-20 m 
deep sea water using Self Contained Underwater 
Breathing Apparatus (SCUBA) at Ponghibhalu 
(11°30’N and 92°39’E) and North Bay (11°41’N and 
92°45’E) of eastern coast of Andaman sea around 
South Andaman group of islands, India. Immediately 
after collection, samples were washed with distilled 
water and stored at -80 °C temperature. Samples were 
preserved in methanol solvent. The taxonomy details of 
the sponges were studies thoroughly, voucher specimen 
registered and deposited at the Division of Fisheries 
Sciences, ICAR-Central Island Agricultural Research 
Institute, Port Blair, Andaman and Nicobar Islands, 
India with submission number PB5985. 
 
Preparation of sponge extracts 
The fresh tissues of the above mentioned five 
sponges (each 1 kg weight) were cut into pieces and 
 
 
Fig. 1 — Morphology of marine sponges (a) Hyrtios erectus, (b) Pseudoceratina purpurea, (c) Carteriospongia foliascens,
(d) Stylissa carteri, and (e) Axinella acanthelloides 
 





kept in a container with methanol for one week with 
intermittent shaking. Then, methanolic extract was 
filtered with use of a filter paper (GE Healthcare, 125 
mm, UK). The extract was concentrated first in a 
rotary evaporator (STRIKE 202, Germany) at 50 °C 
and then under high vacuum pressure. Then, this was 
again extracted by methanol: chloroform (50:50) 
followed by partitioning using five solvents i.e. 
methanol, ethanol, acetone, hexane and chloroform. 
The extracts in different solvents were dried under 
high vacuum pressure and used for further studies. 
 
Screening of zoo-chemicals 
Standard methods described by various 
researchers16-18 were used for the screening of the 
above mentioned sponges for the presence of zoo-
chemicals. 
 
Dragendorff’s test for alkaloid 
Atotal 0.5 g of sponge extract was mixed with 1 ml 
of chloroform. Following evaporation, few drops of 
Dragendorff’s reagent (Potassium bismuth iodide) 
was added to the residue. Development of orange red 
precipitate indicated presence of alkaloid. 
 
Lead acetate test for flavonoids 
Total 0.1 g of sponge extract was dissolved in 
ethanol. Then, few drops of 10% lead acetate were 
added to the mixture. Yellow color precipitate 
indicated presence of flavonoids. 
 
Salkowski test for sterols 
Total 0.5 g of the sponge extract and 1 mL 
chloroform was mixed. Then equal volume of 
concentrated H2SO4 was added in the mixture slowly 
from the sides. Reddish-brown color in chloroform 
layer confirmed the presence of sterols. 
 
Ferric chloride test for phenol 
Neutral ferric chloride solution was mixed with the 
extract. Appearance of a red, blue, green, or purple 
coloration confirmed presence of phenolic compounds. 
 
Test for saponin (Foam test) 
Total 0.1 g of the sponge extract and 1 mL of water 
were mixed in a test tube and shaken vigorously. 
Foam development which persisted for at least 10 min 
confirmed presence of saponin. 
 
Libermann-Burchard’s test for terpenoid 
In a test tube, sponge extract was taken and acetic 
anhydride (few drops) was added. Then it was boiled 
for few minutes and allowed to cool down. After that, 
concentrated H2SO4 was poured from the sides of the 
tube. Appearance of a brown ring at the junction of 
the two layers indicated presence of terpenoid. 
 
Braemer test for tannins 
A few drops of alcoholic ferric chloride solution 
were mixed with 2 mL of the sponge extract. 
Appearance of dark blue or green precipitate 
confirmed the presence of tannins. 
 
Quantitative analysis of zoo-chemicals in the sponge extracts 
The zoo-chemicals were quantified by the 
following methods. 
 
Determination of total alkaloid using Harbone method19 
Total 2 g of sample was mixed with 120 mL of 10 
% acetic acid in ethanol. After, the mixture was 
incubated at room temperature for 4 h. After filtration, 
the filtrate was placed in a water bath to reduce the 
volume up to one fourth. Then concentrated 
ammonium hydroxide was poured in drops and 
precipitate formation was observed. This was 
continued until the precipitation was complete and 
centrifuged at 28 x g for 5 min diluted ammonium 
hydroxide was used to precipitate. The nit was dried 
and weight was taken. The following formula was 
used to calculate the alkaloid content. 
Total alkaloid (%) = (residue weight / sample 
weight) x 100. 
All the experiments were repeated for three times.  
 
Determination of total phenols  
To make the sample fat free, 100 mL of diethyl ether 
was added to 2 g of sample. Then, 50 mL of ether was 
added to the sample and boiled for 15 min to extract 
phenolic compounds. Then 10 mL of distilled water,  
2 mL of ammonium hydroxide solution and 5 mL of 
concentrated amyl alcohol were added to 5 mL of the 
extract. For colour formation, the mixture was kept for 
30 min. The colour intensity was recorded at 725 nm 
using UV/Vis Spectrophotometer (Perkin Elmer, 
Massachusetts, USA) using gallic acid as standard. All 
the experiments were repeated for three times. 
 
Determination of total flavonoids by the method of Meda et al.20 
2 mL of sponge extract and 2 mL of 2 % 
aluminium trichloride (AlCl3) in methanol were 
mixed and the mixture was kept at room temperature 
for 10 min. After that, the absorbance was recorded at 
415 nm by a spectrophotometer (Perkin Elmer, 
Massachusetts, USA) Quercetin (0.001- 0.01 mg/mL) 
was used as standard. 




Determination of total Tannin by Van-Burden and Robinson 
method21 
Approximately 500 mg of sponge sample was mixed 
with 50 mL of distilled water. After filtration, 5 mL of 
the filtrate was mixed with 2 mL of 0.1 M FeCl3 in  
0.1 M HCl and 0.008 M potassium ferrocyanide. The 
mixture was incubated at room temperature for 30 min 
for colorformation. Then, absorbance at 760 nm was 
measured using a spectrophotometer (Perkin Elmer, 
Massachusetts, USA). Tannic acid was used for 
preparation of standard curve. 
 
Determination of total saponin by Obdoni and Ochuko method22 
In a conical flask, 2 g of sample and 100 mL of 20 % 
aqueous ethanol were mixed. The mixture was incubated 
at 55 °C for 4 h with continuous stirring. Then ethanol 
extraction of the residue was done concentrated to  
40 mL by heating. Then 20 mL of diethyl ether was 
poured to the mixture and shaken. Two distinct layers 
were observed, one aqueous layer and another ether 
layer. The aqueous layer was taken out and mixed with 
60 mL of n-butanol. The process was repeated. The  
n-butanol extracts were collected and washed with  
10 mL of 5 % aqueous sodium chloride three times. 
Then it was dried and the weight was recorded. 
 
Evaluation of in vitro cytotoxicity of the sponge extracts on 
MCF-7 cell line  
MCF-7 cell line was acquired from National Centre 
for Cell Sciences (NCCS), Pune, India. Dulbecco’s 
modified eagle’s medium (DMEM) was used for 
culturing the cells. The medium was supplemented 
with 2 mM glutamine, 10 % fetal bovine serum  
(FBS) and antibiotics (100 mU/mL penicillin and  
100 µg/mL streptomycin). Cells were cultured in a 
humidified CO2 incubator with 5 % CO2 in air. 
 
In-vitro Cytotoxicity assay 
In vitro cytotoxicity was evaluated by an MTT  
[3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide] assay. Cells were seeded in a 96 well tissue 
culture plate with 105 cells/well and incubated at 37 
°C in an incubator with 5 % CO2 in air for 24 h. Then 
different concentrations (0 to 500 µg per mL) of 
sponge extracts was added to the cultured cells and 
kept for 48 h. After that, the medium was discarded 
and the cells were washed with phosphate buffered 
saline (PBS). Then, 100 µL MTT solution (1 mg/mL) 
was added to each well and incubated for 4 h in a CO2 
incubator. To dissolve the formazan crystals, 100 µL 
of DMSO was added. Absorbance was measured at 
570 nm using a microplate reader (Spectra Max Plus, 
Molecular Devices, USA). The percentage of viable 




Zoo-chemical screening of the sponge extracts 
Methanol, ethanol, acetone, hexane and chloroform 
solvent extracts of the five marine sponges were 
screened for the presence of steroid, alkaloid, phenol, 
tannin, flavonoid, saponin and terpenoid. The result is 
presented in Table 1. All the solvent extracts of all the 
five sponges were positive for steroid except acetone 
solvent extract of sponge Stylissa which was negative 
for steroid. Alkaloid was detected in all the solvent 
extracts of all the sponge species studied. Phenol was 
not detected in hexane solvent extract of sponge 
Pseudoceratina and chloroform solvent extract of 
 




Methanol Ethanol Acetone Hexane Chloroform 
HR PP CF SC AA HR PP CF SC AA HR PP CF SC AA HR PP CF SC AA HR PP CF SC AA
Steroid + + + + + + + + + + + + + Nega
tive
+ + + + + + + + + + + 
Alkaloid + + + + + + + + + + + + + + + + + + + + + + + + + 
Phenol + + + + + + + + + + + + + + + + Nega
tive
+ + + Nega
tive 
+ + + + 










+ + + + + + + + 
Flavonoid + + + + + + + + + + + + + + + + + + Nega
tive 
+ + + + + + 
Saponin + + + Nega
tive 




+ + + + + + + Nega
tive 
+ + + + Nega
tive 
+ 
Terpenoid + + + + + + + + + + + + + + + + + + + + + + + + + 
+ denotes detected and Negative denotes not detected. HR: Hyrtios erectus; PP: Pseudoceratina purpurea; CF: Carteriospongia 
foliascens; SC: Stylissa carteri; AA: Axinella acanthelloides 
 





Hyrtios; rest of the samples were positive for phenolic 
compounds. Tannin was detected in all the solvent 
extracts of all the sponge species except methanol 
extract of Carteriospongia, ethanol extract of Hyrtios 
and Stylissa, acetone extract of Axinella, and hexane 
extract of Pseudoceratina. Only hexane extract of 
sponge Stylissa was negative for flavonoids; rest of 
the extracts were positive for it. Saponin was not 
detected in methanol extract of Stylissa, ethanol 
extract of Carteriospongia, acetone extract of Hyrtios, 
hexane and chloroform extracts of Stylissa. Presence 
of terpenoid was recorded in all the solvent extracts of 
all the five sponge species studied. 
 
Quantitative analysis of the zoo-chemicals in different solvent 
extracts of the five sponge species 
The quantitative analysis of the five sponge species 
is presented in Figure 2. The content of zoo-chemicals 
varied among different solvent extracts and among 
different sponge species. In four sponge species 
(Hyrtios, Pseudoceratina, Carteriospongia and 
Stylissa) highest content of ‘alkaloid' in methanol 
extract was observed. On the other hand, chloroform 
extract of the sponge Axinella contained highest 
 
 
Fig. 2 — Quantification of zoo-chemicals in different solvent extracts of five marine sponges (a) Hyrtios erectus,
(b) Pseudoceratina purpurea, (c) Carteriospongia foliascens, (d) Stylissa carteri, and (e) Axinella acanthelloides 




‘alkaloid’. The highest ‘phenol’ content was obtained 
in the methanol extract of Hyrtios, Pseudoceratina 
and Axinella. Highest flavonoid contain was observed 
in the chloroform extract of Hyrtios, Carteriospongia 
and Stylissa, ethanol extract of Pseudoceratina and 
acetone extract of Axinella. The highest ‘saponin’ 
content was found in the chloroform extract of 
Hyrtios, ethanol extract of Pseudoceratina and 
Axinella and acetone extract of Carteriospongia and 
Stylissa. 
 
Cytotoxicity screening of different solvent extracts of the five 
sponge species  
To gain insight into the cytotoxic effect of the 
different sponges, the effect of the sponge extracts on 
proliferation of MCF-7 cell line was investigated. 
Among the five sponge species screened, Hyrtios 
showed highest cytotoxicity (Fig. 3). The hexane 
extract of the sponge Hyrtios was found most 
promising. The cell viability reduced gradually with 
treatment of increasing concentrations of the sponge 
hexane extract (Fig. 3). The determined half-maximal 
inhibitory concentration (IC50) of the extract was  
25 µg per mL. The morphology of the cells under 
control group and treated with hexane extract of 
Hyrtios is presented in Figure 4. The IC50 value for 
methanol extract was 80 µg per mL. The IC50 values 
for the other three solvent extracts (ethanol, acetone 
and chloroform) were higher than 250 µg per mL. The 
cytotoxic screening of the other four sponge species 
(Pseudoceratina, Carteriospongia, Stylissa and 
Axinella) did not show very promising results (Fig. 5). 
The IC50 values of all the solvent extracts of all the 
four sponges were higher than 250 µg per mL except 
for methanol extract of sponge Stylissa. 
 
Discussion 
In the current study, different solvent extracts of 
five marine sponges from Andaman Sea around South 
Andaman group of islands were screened for the 
presence of zoo-chemicals. The marine sponges are 
storehouse of various potential bioactive 
compounds24,25. Therefore, anti-proliferative and 
cytotoxic potential of the five sponge species was also 
investigated. From the above studies, it is clear that 
the alkaloid is the major constituent of the studied 
sponges. Zoo-chemical analysis of several sponge 
species collected from Misamis Oriental Coast, 
Philippines showed that alkaloid was the major 
constituent26. The extraction and isolation of  
several alkaloids such as indole-3-carbaldehyde and 
5-deoxyhyrtiosine, scalarane, sesterterpenes and 
macrolides from the Hyrtioserectus was reported27. 
Interestingly, indole alkaloid compounds are  
 
 
Fig. 3 — Cytotoxic effect of different solvent extracts of 
Hyrtios erectus spongeon breast cancer cell line (MCF-7). The 
cytotoxic effect of different solvent extracts of the above 
mentioned five marine sponges on breast cancer cell line (MCF-7) 
was done by MTT assay. Data are presented as mean ± SD. 
Cyclophosphamide was used as standard 
 
 
Fig. 4 — Morphology of MCF-7 cells untreated (A) and treated with 25 μg/ml hexane extract of sponge Hyrtios. A non-synchronized 
population of cells (10 x 105) was cultured in 6 well plates for 24h before performing the cell treatment 





very essential for cytotoxic, antimicrobial and 
anticancer activities of marine sponges28,29. In the 
present study, among the five sponge species studied, 
Hyrtios erectus showed most promising anti-
proliferative and cytotoxic effect against a primary 
breast cancer cell line (Figs. 3 and 5). This property of 
this sponge species is consistent with the high content 
of alkaloids (Fig. 2). Steroidal compounds are getting 
attention in pharmaceutical industry as they show 
antiviral properties and are closely related to 
compounds such as sex hormones30. Chang et al.31 
reported that terpenoid present in sponges acted as 
inhibitors of HIV virusentry. Better understanding on 
the bioactive compounds present in the sponge 
extracts is required for development of novel 
pharmaceutically important drugs. 
Breast adenocarcinoma cell line MCF-7 has 
emerged as an in vitro model for investigation on 
breast cancer32. Among the sponge species screened, 
the hexane extracts of sponge Hyrtios showed most 
promising cytotoxicity results. A concentration and 
time dependent inhibition of MCF-7 proliferation was 
observed following sponge extract treatment (Fig. 3). 
The IC50 value of the extract on MCF-7 cell line was 
25 µg per mL. The anti-proliferative properties of the 
hexane extract of the sponge Hyrtios is due to the 
presence of bioactive chemicals with potent 
anticancer properties in the extract. Bioactive 
compounds with potent anti-tumor potential have 
been reported by various researchers33-36. 
Renieramycin M from marine sponges belonging to 
genera Reniera is a promising anticancer agent 
against lung cancer cells37. Another compound from 
marine sponge Monanchora pulchra named as 
Monanchocidin is effective in inhibition of growth of 
several human cancer cells38. Antiangiogenic and 
antitumor properties of several sponge derived natural 
products have been reported39. Further investigation 
to identify the bioactive principles of the hexane 
extract of the sponge species is currently underway. 
Research on marine derived natural compounds 
and their therapeutic potential has been intensified 
over the past decade. The marine ecosystem is facing 
a threat mainly due to overexploitation of marine 
resources. Moreover, changing climatic condition 
including increased sea surface temperature is 
detrimental for marine ecosystem. Massive 
destruction of seabed across the world including 
Andaman Sea has been reported in recent past40,41. 
Therefore, artificial cultivation of marine resources 
 
 
Fig. 5 — Cytotoxic effect of different solvent extracts of four marine sponges (a) Pseudoceratina purpurea, (b) Carteriospongia 
foliascens, (c) Stylissa carteri, and (d) Axinella acanthelloides on breast carcinoma cell line (MCF-7) 
 




including marine sponges is a great alternative  
option. Several reports on sponge farming42,43 have 
shown promising results. Although, the research on 
artificial cultivation of marine sponges is still in 
infancy in India, more emphasis on this topic is the 
need of the hour. 
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